The Caerphilly Health and Social Needs study was established to inform and support collaborative multiagency working on reducing inequalities in health and to investigate neighbourhood influences on mental health. Initially, we collated a robust small-area multiagency dataset of contextual health determinants and outcomes from routine sources and sharing of data between the National Health Service and Caerphilly county borough council. These data were widely used in local joint planning to improve health and reduce health inequalities. Secondly, we carried out a baseline population questionnaire survey, collecting data from 10 892 (60.6%) respondents aged 18-74 years on a wide range of socio-economic, lifestyle, health and housing factors and perceptions of the local neighbourhood, including access to services, social cohesion and neighbourhood quality. We carried out wave 2 of the survey after 7 years with responses from 4558 (50.2%) participants to the same range of questions. We developed the study into an electronic cohort, linking all 17 979 sampled participants aged 18-74 years to mortality and hospital admission records with 10-year follow-up and full recording of migration both within and out of the borough. Readers with an interest in collaborative
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The Caerphilly Health and Social Needs study was established to inform and support collaborative multiagency working on reducing inequalities in health and to investigate neighbourhood influences on mental health. Initially, we collated a robust small-area multiagency dataset of contextual health determinants and outcomes from routine sources and sharing of data between the National Health Service and Caerphilly county borough council. These data were widely used in local joint planning to improve health and reduce health inequalities. Secondly, we carried out a baseline population questionnaire survey, collecting data from 10 892 (60.6%) respondents aged 18-74 years on a wide range of socio-economic, lifestyle, health and housing factors and perceptions of the local neighbourhood, including access to services, social cohesion and neighbourhood quality. We carried out wave 2 of the survey after 7 years with responses from 4558 (50.2%) participants to the same range of questions. We developed the study into an electronic cohort, linking all 17 979 sampled participants aged 18-74 years to mortality and hospital admission records with 10-year follow-up and full recording of migration both within and out of the borough. Readers with an interest in collaborative use of the data should contact Professor David Fone, Principal Investigator.
Why was the cohort set up?
The Caerphilly Health and Social Needs study was established to inform and support collaborative multiagency working to reduce inequalities in health. It was initiated in 1998 by the Directorate of Public Health at the former Gwent Health Authority in partnership with Caerphilly county borough council, south-east Wales, UK. The policy context was set by two public health strategic documents, Better Health Better Wales 1 and the Strategic Framework. 2 These described government plans and priorities to improve public health and reduce inequalities in health in Wales through action on the wider social, economic and environmental determinants of poor health. The setting is Caerphilly county borough, a local government unitary authority occupying 28 000 hectares of the South Wales valleys with a 2001 census population of 169 519, rising to 172 737 in the 2009 mid-year estimate. It stretches over 40 km between the City of Cardiff in the south and the Brecon Beacons National Park to the north. Although the borough has some areas of outstanding natural beauty, there is a legacy of heavy industry. Local employment was historically dominated by the coal and steel industries, but after a long period of decline, major changes have occurred in the social and economic structure, with high levels of unemployment and social deprivation, followed by recent regeneration activity in the most deprived areas of the borough. The borough contains $50 towns and villages, many of which (particularly in the north) are linear settlements located in the valleys. The largest settlement is the historic town of Caerphilly situated in the south-west of the borough.
The original study was planned to have two phases: first, the collation, sharing and analysis of small-area multiagency data, and second, a population survey to obtain non-routine data not held by the authorities. The original aims were to (i) achieve a detailed spatial understanding of the relations between social, environmental and economic deprivation and health in Caerphilly county borough, and (ii) inform the development of local community strategies for health improvement and reduction of health inequalities.
Initially, we collated a robust small-area multiagency dataset of contextual health determinants and outcomes from routine sources and sharing of data between the National Health Service (NHS) and local authority. These data were widely used in local joint planning to improve health and reduce health inequalities. 3 In 2001, we carried out a baseline postal questionnaire population survey of adult residents of the borough. 4 The joint NHS and local authority aim of the survey was to estimate electoral ward prevalences of common health and lifestyle factors, such as smoking, alcohol consumption, poor diet, obesity and mental and physical health.
The academic aim of the survey was to pursue a research programme into neighbourhoods and mental health outcomes, focusing on the common mental disorders of anxiety and depression. The common mental disorders have a population prevalence of 15-30%, depending on the case definition used, 5 and Wales has one of the highest prevalence rates in the UK. 6 By 2001, evidence was emerging that the places, or neighbourhoods, where people live influence individual physical health status, 7 but studies from the UK, the Netherlands and the USA investigating contextual explanations for the observed variation in population mental health status were inconclusive. [7] [8] [9] [10] [11] [12] Our objective was to investigate multilevel associations between the common mental disorders and small-area, or neighbourhood, measures of deprivation, social cohesion and economic inactivity.
In 2008, we carried out a second wave of data collection in a follow-up postal questionnaire survey of the respondents to the baseline survey in 2001. Our aim was to investigate longitudinal multilevel associations between change in individual mental health and baseline neighbourhood measures of deprivation, social cohesion and economic inactivity, adjusting for transitions in individual socio-demographic and -economic states, such as marital status and employment status.
Following advances in techniques for the secure pseudonymized record linkage of datasets in the Secure Anonymised Information Linkage (SAIL) databank, managed by the Health Information Research Unit at the College of Medicine, Swansea University, 13, 14 further funding was obtained to develop the Caerphilly Health and Social Needs study into an electronic cohort study, now with 10 years of documented follow-up.
The research questions for the full electronic cohort are as follows: (i) What is the risk of mortality from specific causes of death associated with common mental disorder? (ii) What is the risk of hospital admission associated with common mental disorder? (iii) How are the risks of death and hospital admission associated with common mental disorder influenced by individual-, household-and neighbourhoodlevel socio-demographic and socio-economic factors, and social cohesion?
Who is in the cohort?
The baseline survey sample (wave 1) was taken from the total population of 132 613 residents aged 18 years and over as recorded in the former Gwent Health Authority 'Exeter system' General Medical Practice administrative register on May 31, 2001 . We took a random sample, stratified by ward, to estimate ward prevalences to within AE5% with 95% confidence, allowing for the finite population correction factor. 4 The mean adult population per ward was 3684, and we required a mean sample size of 350, giving a target of 12 600 responses. We aimed to achieve a 60% response and so we increased the number of people sampled in each ward to 22 290.
After an initial exclusion of 54 incorrect addresses, we sent a questionnaire to 22 236 residents. We used electoral register canvassers to visit each household included in the survey on up to three separate occasions to collect completed questionnaires in a sealed envelope and to note response status on a contact sheet. We sent a maximum of two reminders to non-responders, and we received 12 408 completed questionnaires. From the canvasser contact sheets, we excluded 2449 people from the survey because of incorrect addresses, being too unwell to respond or nursing home residence. The adjusted denominator was 19 787, and the adjusted overall response was therefore 62.7%. Of the 12 408 respondents, 316 (1.6%) returned questionnaires with a defaced unique identity code and so we could not link these responses by postcode to their small-area geographical location of residence. We created the electronic cohort in the SAIL databank by record linking the baseline sample frame to 15, 16 and older persons are more likely to have cerebrovascular pathology as a cause of poor mental health. 17, 18 The SAIL system uses split file, trusted third-party and multistage encryption of personal, geographical and organisational identities and secure remote access technologies to create a privacy protecting research environment. 13, 14 The record linkage used the Welsh Demographic Service (WDS) dataset held by the NHS Wales Informatics Service, the trusted third-party NHS organization in Wales mandated to hold personally identifiable data. The WDS contains the unique NHS number for all individuals who register with a general medical practitioner, from which an anonymized linking field was generated for use as the primary key variable for record linkage.
How often have the cohorts been followed up?
In 2008, we carried out a follow-up postal questionnaire survey (wave 2) of the 10 892 (60.6%) baseline respondents aged <75 years on May 31, 2001 . The wave 2 sample frame was prepared on August 25, 2008 . Of the 10 892 baseline respondents, 646 (5.9%) had died, 653 (6.1%) had moved out of the borough and 42 (0.4%) were not traceable. This resulted in a final wave 2 sample frame of 9551, of whom 476 (5%) were non-contactable-not traceable (358) or too unwell to respond (108) and 10 had died during the survey period. Questionnaires were posted on September 1, 2008, followed by two postal reminders to non-respondents at 2 and 6 weeks. Up to two visits were made to each non-responding address to record reasons for not taking part, and the survey closed on January 1, 2009.
From the adjusted denominator of 9551 subjects, 4798 completed questionnaires were returned, representing an adjusted response of 52.9%. The attrition between waves comprised 4277 (44.8%) subjects who did not respond, 358 (3.7%) subjects who could not be traced, 108 (1.1%) were too unwell to complete a questionnaire and 10 (0.1%) subjects who had died. The questionnaire responses to both survey waves were double entered with 100% validation. After removal of inconsistent age and sex codes between waves, the final wave 2 dataset included 4558 (50.2%) participants.
The 17 979 electronic cohort participants were assigned a status code at exactly 10-year follow-up, on May 31, 2011, to record migration within or out of Caerphilly borough or death, with the date of event. Table 1 summarizes the representativeness of the sampling frame for the electronic cohort and the survey response data by age group, sex and Townsend index 19 deprivation quintile in comparison with the total borough population of 118 392 residents aged 18-74 years. The sampling frame was representative of the total borough population, except by quintile of deprivation, where there was an over-representation of residents from the more deprived quintiles and an under-representation from the least deprived quintile. The pattern of response usually described in population surveys was found, 20 with an under-representation of younger age groups, particularly in male respondents, and a greater representation in older age groups. The response by deprivation quintile showed an under-representation of respondents in the least and most deprived areas. The pattern of under-representation was more marked at wave 2 than at baseline (Table 1) , and we found a clear gradient of response at wave 2 by socio-economic status ( Table 2 ).
The total 10-year attrition in the electronic cohort by age group, sex and deprivation quintile is shown in Table 3 . The overall loss to follow-up for the electronic linkage of the 17 979 residents on the sampling frame was 1951 (10.9%), resulting from 1484 (8.3%) deaths, 454 (2.5%) out-migration from Wales and 13 (0.1%) who were no longer found on the WDS with unknown migration status. The date of each censoring event is recorded in the dataset. Loss to migration was higher in younger age groups from less deprived areas, and the number of deaths increased with age.
Two methods of accounting for this loss to follow-up will be assessed. Firstly, we have calculated design weights for the unequal ward sampling fractions and non-response weights based on the probability of response by age, sex and socio-economic status for both waves using standard methods. 21 Secondly, as we proceed to investigate the longitudinal associations between neighbourhood attributes and health outcomes, we will use methods for dealing with missing data, such as multiple imputation with chained equations. 22 We received ethical approval for the baseline survey from the former Gwent Local Research Ethics Committee and for the wave 2 survey from the SE Wales Research Ethics Committee. The electronic record-linked cohort study received approval from the independent Information Governance Review Panel, whose membership includes representatives from a range of government, regulatory and professional agencies in Wales, established to assess all applications to anonymously record-link datasets within the SAIL databank. 13, 14 What has been measured?
The baseline questionnaire included a range of socioeconomic, lifestyle and health status questions, many of which were previously used in the Welsh Health Survey 1998. 23 In addition, questions were asked on perceptions of neighbourhood using standard instruments. At wave 2, we also included the General Health Questionnaire, a measure of post-traumatic stress disorder and questions on aspirin usage and cardiovascular events. The electronic cohort has been linked to the Office for National Statistics Public Health Mortality files, which contain demographic and administrative data and the International Classification of Diseases, 10th revision, cause of death, and Patient Episode Database for Wales, which contains hospital episode statistics on inpatient and day-case hospital admissions for residents of Wales, including the International Classification of Diseases, 10th revision, coded cause of admission (Table 4) .
Using a geographical information system, each resident in the sample frame was linked, using the postcode, to the 1991 Census geographies of the 325 enumeration districts nested within the 36 wards of residence, and to the 2001 Census geographies of the 110 lower layer super output areas in the borough. 36 This defined the geographical hierarchy for multilevel analysis and facilitated the linkage of a wide range of small-area neighbourhood data, including social and material deprivation (the Townsend index 19 and the Welsh Index of Multiple Deprivation), 37 income deprivation measured using validated gross household income estimates for 2001, 38 the Mental Illness Needs Index (MINI) 39 and both means tested and non-means tested benefits data from the UK Government Department of Work and Pensions. 40 The Council Tax and Benefits division of Caerphilly county borough council supplied electronic extracts of property address and the council tax valuation band (CTVB) from the council tax register. We matched the sampling frame dataset to the CTVB extract by address to assign the property CTVB, as a measure of property wealth, to each resident in the sample frame. 4 We used information on migration from the electronic linkage to record the date of each change in small-area geography, with associated contextual data, and the CTVB. 
THE CAERPHILLY HEALTH AND SOCIAL NEEDS STUDY (E-CATALYST)
What has it found: key findings and publications
To date, we have published multilevel analyses of the baseline survey data, which provide further evidence for neighbourhood effects on health that act differentially between different population subgroups. In an ecometric analysis, we derived an enumeration district measure of social cohesion from individual-level responses, 41 and showed in a multilevel analysis that high enumeration district social cohesion was associated with better mental health. High enumeration district income deprivation was associated with poor mental health, but this relationship was attenuated in enumeration districts with higher levels of social cohesion, illustrated in Figure 1 . 38 A second line of investigation was the individual and neighbourhood associations of economic inactivity with mental health status. We found that poor individual mental health was associated with ward measures of high permanent sickness or disability derived from Department of Work and Pensions benefit claimant data, and that this neighbourhood effect was stronger in individuals who were permanently sick or disabled. 42 Third, we investigated whether the MINI, 39 developed to estimate need for specialist psychiatric services at small-area level, was a potentially useful index for common mental disorder. We found that high MINI scores for both lower layer super output areas and wards were associated with poor individual mental health after adjusting for individual risk factors, and that this association was also stronger for individuals who were permanently sick or disabled. 43 We further investigated associations between neighbourhood deprivation and self-reported health as the outcome measure and found that living in deprived enumeration districts was associated with poor self-rated health. This was attenuated after controlling for perceptions of the neighbourhood, such as poor access to amenities, poor neighbourhood quality, neighbourhood disorder and lack of social cohesion, suggesting that these variables may play a role in mediating the health effects of neighbourhood deprivation. 44, 45 In a further analysis of self-rated health, we found that Health Locus of Control beliefs appeared to mediate some of the health effects of individual socio-economic status and, to a lesser extent, the health effects of neighbourhood deprivation, suggesting some evidence that Health Locus of Control beliefs form part of the pathway between individual and neighbourhood socio-economic status and health. 46 In the first analysis of the wave 2 dataset, we found that of the 12% of respondents with a previous vascular event, fewer than two-thirds were taking prophylactic aspirin, with an inverse social gradient, and only one-half were taking the recommended daily low-dose aspirin of 75-100 mg per day. 47 What are the main strengths and weaknesses?
The main strength of the cohort is the in-depth sampling of the adult population in a geographically defined area of socio-economic contrast, with detailed exposure data on respondents linked to 1991 and 2001 Census small-area geography. Although we have made the assumption that the administratively defined Census small areas are a proxy for 'neighbourhood', the general problem of using nonhomogeneous areas that result from administrative boundaries is a tendency to lead to conservative estimates. 48, 49 Therefore, it is unlikely that our results to date have over-estimated the associations between health outcomes and neighbourhood.
The baseline survey response was 60%, which is comparable with many population surveys, but the wave 2 response of 50% means that at wave 2, we have survey responses from 25% of the original sample frame aged 18-74 years, with 13% of the baseline respondents lost to follow-up through migration, death or between-wave age-sex inconsistencies. Lower response rates and hence higher attrition from some subgroups are an unavoidable feature of population surveys. 20 However, the strength of the electronic cohort is that we have a wide range of information from which to assess attrition bias. We have information on the complete cohort sampling frame on age, sex, small-area deprivation and household CTVB. The record linkage provides information on hospital admissions and cause-specific mortality on the complete cohort, independent of response to the baseline or follow-up surveys. Furthermore, the record linkage will allow us to quantify whether migration within the dataset is from low to higher, or high to lower, deprivation area, and whether the attrition from migration out of study area varies between neighbourhood deprivation levels. This will facilitate a better quantification of the effect of health selection bias.
50,51
Can I get hold of the data? Where can I find out more?
The electronic cohort is securely stored and maintained on the SAIL databank held within the Health Information Research Unit at Swansea University. We welcome general enquiries and ideas for new collaborations. Readers with an interest in further details should contact Professor David Fone, Principal Investigator.
Funding
The collation of the multiagency dataset and the base- 
KEY MESSAGES
Sharing of data between the National Health Service and local authorities gives a rich source of contextual data for multilevel analyses of small-area effects on health.
Small-area social cohesion attenuates the association between small-area income deprivation and poor individual mental health.
Poor individual mental health is associated with living in small-areas with high levels of permanent sickness or disability claimants, and this effect is stronger in individuals who are permanently sick or disabled.
Perceptions of access to amenities, neighbourhood quality and disorder and health locus of control mediate the association between small-area deprivation and poor self-rated health.
